We report a measurement of the exclusive B + meson decay to the final state D − s K + π + using 520 × 10 6 BB pairs collected near the Υ(4S) resonance, with the Belle detector at the KEKB asymmetric-energy e + e − collider. Using the D 
Note that the two different processes lead to a similar three-body final state, but with opposite charges for the D s and π mesons. We measure the branching fraction of the first decay mode and study two-body subsystems, while the second decay mode is a control channel to check the reliability of the method.
In the following the Belle detector and the data sample are briefly described. Next we discuss the reconstruction of the D s Kπ final states. Finally the determination of the branching fractions together with a preliminary study of the D s Kπ subsystems including D s K, D s π and Kπ are presented. 
II. DETECTOR AND DATA SAMPLE
The results are based on a data sample that contains (520.2 ± 6.8) × 10 6 BB pairs, corresponding to an integrated luminosity of 479 fb −1 , collected with the Belle detector at the KEKB asymmetric-energy e + e − (3.5 on 8 GeV) collider [2] . KEKB operates at the Υ(4S) resonance ( √ s = 10.58 GeV) with a peak luminosity that exceeds 1.7 × 10 34 cm −2 s −1 . The Υ(4S) resonance is produced with a Lorentz boost of βγ = 0.425 nearly along the electron beamline (z-axis). The production rates of B + B − and B 0 B 0 pairs are assumed to be equal. The Belle detector is a large-solid-angle magnetic spectrometer that consists of silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel thresholď Cerenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter composed of CsI(Tl) crystals (ECL) located inside a super-conducting solenoid coil that provides a 1.5 T magnetic field. An iron fluxreturn located outside of the coil is instrumented to detect K 0 L mesons and to identify muons (KLM). The detector is described in detail elsewhere [3] . Two inner detector configurations were used. A 2.0 cm beampipe and a 3-layer silicon vertex detector was used for the first sample of 152 × 10 6 BB pairs, while a 1.5 cm beampipe, a 4-layer silicon detector and a small-cell inner drift chamber were used to record the remaining 368 × 10 6 BB pairs [4] .
The reconstruction of
0 decays consists of the following steps: selection of charged tracks, discrimination between BB and continuum events, particle identification and reconstruction of all intermediate decays in B → D s Kπ processes. Each of these steps is briefly described below.
A. Track selection
Charged tracks with dr < 0.5 cm and dz < 5 cm are selected, where dr and dz are impact parameters measured in the r-φ (transverse) plane and z direction, respectively. Charged tracks are also required to have transverse momenta greater than 100 MeV/c.
B. Suppression of continuum events
We exploit the event topology to discriminate between spherical BB events and the dominant background from jet-like continuum events, e + e − →(q = u, d, s, c). We combine event shape variables using all particles in an event to calculate Fox-Wolfram moments [5] and define the R 2 , ratio of second and zeroth moments, as
where p indicates the particle momentum, P 2 is the Legendre polynomial of second order, and i, j enumerate all particles in the event. We require R 2 to be less than 0.4.
C. Particle identification
Hadron identification is based on information provided by the CDC, ACC and TOF. For kaons we require L K/π > 0.6 and L p/K < 0.95 (veto), where L x/y = Lx Lx+Ly (x, y = π, K, p) denotes the corresponding likelihood ratio. Pions are selected as non-kaons, satisfying veto conditions for K and p: L p/K < 0.95 and L K/π < 0.95. In addition, we reject tracks that are consistent with an electron hypothesis. A selection imposed on this ratio results in a typical kaon (pion) identification efficiency ranging from 92% to 97% (94% to 98%) for various decay modes, while 2% to 15% (4% to 8%) of kaon (pion) candidates are misidentified pions (kaons). B mesons are reconstructed combining D s candidates with identified kaons and pions. In exclusive reconstruction of B mesons two kinematic variables are used: the energy difference, ∆E, and the beam-energy-constrained mass, M bc . These are defined as:
and
where E B and P B are the reconstructed energy and momentum of the B candidate, and E beam is the run-dependent beam energy, all expressed in the centre-of-mass (CM) frame. We use the dedicated Monte Carlo (MC) sample of B → D s Kπ decays to define signal regions in ∆E and M bc as |∆E| < 0.03 GeV and M bc > 5.27 GeV/c 2 . For all B candidates, a loose requirement on the goodness of the D s Kπ vertex fit -with the D s mass constrained to the world average value -is also applied (χ From MC simulation we determine that the background contribution from
where (cc) are charmonium states such as the J/ψ or η c , is removed by discarding all events that satisfy the requirement: 2.88 GeV/c 2 < M(
. This condition is determined by using D For events passing all selection criteria mentioned above the ∆E distributions (requiring M bc > 5.27 GeV/c
2 ) and M bc distributions (requiring |∆E| < 0.03 GeV) are examined. The plots shown in Figs. 6-9 exhibit clear signals from the corresponding B meson decays. In addition, an excess of events can be seen in the range ∆E ∈ (−0.2, −0.08) GeV, probably due to events with one unreconstructed particle, such as a π 0 or γ, in the final state.
IV. DETERMINATION OF B → D s Kπ BRANCHING FRACTION
The branching fractions are calculated using the formula:
where N BB is the number of produced BB pairs, N S is the number of reconstructed B → D s Kπ events, ε denotes the reconstruction efficiency and B int is the product of branching fractions of intermediate resonances, present in the respective B → D s Kπ processes (values summarised in Table I are taken from the Ref. [6] ). 
A. Determination of the number of B → D s Kπ events
The yields of B → D s Kπ events are determined from an unbinned extended maximum likelihood fit to (∆E, M bc , m D S ) distributions using the MINUIT [7] package. The likelihood function is given by:
where x i is a vector of independently measured values of the probability density function f ( x| θ). The index i (i = 1, 2, . . ., N) counts the number of reconstructed events used in the fit. The vector θ = (θ 1 , . . . , θ n ) contains the parameters that are obtained by maximizing the likelihood function:
The probability density function f contains a Poisson factor to include the relation between the estimated number of all events (N S + N B ) and the number of reconstructed events N, and is defined as:
The first three contributions in this formula ((a),(b) and (c)) describe the signal parameterized by four Gaussian functions: one for ∆E, one for M bc and two Gaussians with the same mean and different widths for the m D S distributions. The last three terms describe the background: second-order polynomials for ∆E and m D S variables ((d) and (f)), and the so-called ARGUS function [8] in (e) for the M bc variable. In this notation
Here N S and N B denote the number of signal events and the number of background events, respectively, while w 0 , w 1 , w 2 , p 0 , p 1 , p 2 are the parameters of the polynomials, arg is a parameter of the ARGUS function and σ ∆E , σ M bc , σ m D S 1 , σ m D S 2 are the respective widths of the Gaussian functions. The factor N provides a normalization. [6] .
The determination of the number of reconstructed decays (N) proceeds in two steps:
• The fit to the (∆E, M bc , m D S ) distribution is evaluated in the signal region (with requirements on all intermediate resonances), resulting in N 0 events.
• 2 ) is also performed. It yields the number of background events, N 1 , peaking in the signal region and therefore contributing to the N 0 value. The same procedure is applied also for the efficiency calculation. This step is motivated by a MC study, where such a background contribution was found. The study also revealed that for the D s → φπ decay mode this background contribution is negligible.
Finally, the number of B → D s Kπ events is calculated as:
The values of N 0 , N 1 and N for the analysed decays are listed in Table III . 
B. Determination of the reconstruction efficiency
The reconstruction efficiency (ε) of each channel in question is determined using MC samples of 10 5 e + e − → Υ(4S) → B + B − decays. These samples are generated in two subsets corresponding to the two inner detector configurations that were used in Belle experiment (denoted as SVD1 and SVD2). Each subset contains 5 × 10 4 events. In each event, one of the charged B mesons decays to the appropriate D
final state. These dedicated MC samples are subjected to the same analysis as the data, yielding the number of reconstructed events, N M C 1 and N M C 2 , which corresponds to the SVD1 and SVD2 samples, respectively. These values divided by the number of all simulated events, gives partial reconstruction efficiencies for the studied decays:
The final efficiences for all studied decays are obtained by calculating the weighted averages of the values defined above:
where N BB1 and N BB2 are the numbers of BB events collected during the SVD1 and SVD2 running periods, respectively. Values of efficiencies for studied decays are presented in Table III .
C. Studies of systematic uncertainties
The following sources of systematic uncertainties are taken into account (cf . Table IV) :
• ∆B ε -uncertainty of efficiency determination estimated as a statistical error of its measurement, i.e.
where ∆ε 1 and ∆ε 2 are statistical uncertainities on partial efficiencies. Considering the control channel and taking into account a mismatch between branching fractions calculated for the MC sample (cf. IV.D subsection), an additional contribution to the efficiency systematics can be assigned. The shift (with an error) between the obtained branching fraction value and the generator value is calculated and the corresponding systematic error is determined. This factor is summed in quadrature with the above ∆ε value to evaluate the final ∆B ε contribution.
• ∆B sel -uncertainty due to the selection procedure. To estimate this error, the requirement for the R 2 parameter is varied: R 2 < 0.40 → R 2 < 0.35.
• ∆B rng -error from changing the range of the fit to the ∆E variable. For B + → D is determined, and the deviation from the N 0 value is calculated.
• ∆B Γ -uncertainty in the signal width. The width of the signal peak, as obtained from the fit to the ∆E/M bc using MC sample, is then used as a fixed parameter in the same fit to data. The fixing procedure is applied sequentially: for ∆E, for M bc and for both the ∆E and M bc signal peaks. Finally, the maximum deviation from the N 0 value is chosen.
• ∆B id -uncertainty of particle identification in Belle experiment. A standard value of 1% per charged particle is assumed and uncertainties from kaons and pions are combined linearly, thus giving an overall contribution of 5 %.
• ∆B trck -uncertainty of track reconstruction. A standard value of 1% per charged track is assumed giving an overall contribution of 5 %.
• ∆B BB -uncertainty of the number of BB mesons used as data sample. Value of 1.3% is assumed in each studied decay.
All contributions are assumed to be independent, hence the overall systematic error is obtained by summing those contributions in quadrature. The last three sources of systematic uncertainties are assumed to be common to all decays studied. All information about systematic uncertainties is collected in Table IV . The values of branching fraction for the decays Table V . Here the 'B int ' error is due to uncertainties in the branching fractions for the decays of intermediate resonances present in the decay in question (Table I ). The significance of the signal (Table V) is evaluated according to the formula −2ln(L 0 /L), where L is the likelihood calculated for the nominal fit and L 0 is the respective likelihood function for a fit with the number of signal events fixed to zero.
The final results for the branching fractions for the channels studied, according to Table V,  are as follows: For D s → φ(→ K + K − )π decay modes:
+0.39
and for D s →K * (892) 0 (→ K − π + )K decay modes:
The results presented here are compatible with the values reported by the BaBar collaboration [9] . The branching fraction for the B + → D + sD 0 decay is consistent with the world average value given by Particle Data Group (PDG):
The same study is also performed for a large statistics MC samples simulating the following processes: e + ) spectrum [9] . Detailed analyses of the two-body subsystems are therefore still in progress. 
The signal is parameterized by two Gaussians, while the background is described by a secondorder polynomial. The spectrum corresponds to the (∆E, M bc ) signal box. 
